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ABSTRACT

Despite evidence of increased endometrial cancer (EC) risk in obese women, the 
impact of obesity on clinical and histological phenotype is poorly understood. This 
study explored abdominal fat volumes and fat distribution quantified by computed 
tomography (CT), in relation to tumor characteristics and outcome. 227 EC patients 
with preoperative abdominal CT scans were included. Total abdominal fat volume 
(TAV), subcutaneous abdominal fat volume (SAV) and visceral abdominal fat volume 
(VAV) were quantified, and visceral fat percentage calculated (VAV%=[VAV/TAV]
x100). Waist circumference (WC) and liver density (LD) were measured, and body 
mass index (BMI) calculated. Data for estrogen, progesterone and androgen receptor 
(ERα/PR/AR) expression by immunohistochemistry were available for 149 tumors, and 
global gene expression data for 105 tumors. High BMI, TAV, SAV, VAV and WC, and low 
LD, were associated with low grade endometrioid tumors and PR and AR positivity (all 
p≤0.03). High VAV% was associated with high age (p<0.001), aneuploidy (p=0.01) 
and independently predicted reduced disease-specific survival (HR 1.05, 95% CI 
1.00-1.11, p=0.041). Tumors from patients with low VAV% showed enrichment of 
gene sets related to immune activation and inflammation. In conclusion, high VAV% 
independently predicts reduced EC survival. Tumors arising in patients with low VAV% 
show enrichment of immune and inflammation related gene sets, suggesting that the 
global metabolic setting may be important for tumor immune response.
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INTRODUCTION

Excess body weight, typically measured as high 
body mass index (BMI; kg/m2), is a major risk factor for 
endometrial cancer (EC) development [1, 2]. Despite the 
well-known association between obesity and increased 
risk of various cancers, the underlying mechanisms 
linking obesity to cancer development are complex, and 
only partly understood [3, 4]. Unopposed endogenous 
estrogen signaling is known to promote EC development 
[5], which could explain some of the risk attributed to 
obesity since estrogens are primarily produced in the 
adipose tissue after menopause [3]. However, obesity 
is an independent risk factor for both type 1 and type 2 
EC [6], although the latter is generally considered less 
hormone dependent [7]. Other putative mechanisms 
involved in obesity-related carcinogenesis include 
increased inflammatory signaling through various 
mediators, and increased levels of insulin and insulin 
like growth factor 1 (IGF1) [3-5, 8], thought to promote 
proliferation, production of anti-apoptotic signals, local 
inflammation and angiogenesis.

BMI as a surrogate marker for obesity has met 
considerable criticism. Although easily calculated 
and monitored in the clinic, it is a crude parameter 
not distinguishing between fat and muscle mass [9]. 
Furthermore, neither BMI nor other anthropometric 
measures including waist circumference or hip/waist 
ratio account for the localization of abdominal fat 
deposits in the subcutaneous or visceral compartments. 
Individuals with high quantities of visceral fat, due to 
increased mesenteric, omental and retroperitoneal fat 
storage, carry an increased risk of cardiovascular disease 
and type 2 diabetes [10]. They are also at higher risk 
of developing breast-, colorectal- and esophageal cancer 
[11], compared to individuals with less visceral fat. The 
visceral fat exerts distinct endocrine activity, which 
is thought to contribute to its increased pathogenic 
potential [10]. There is also emerging evidence that 
the fat distribution pattern may be associated with 
survival and therapeutic response in several cancer 
types, i.e. malignant melanomas, breast-, colorectal- 
and esophageal cancers [12-15]. Assessment of the 
abdominal fat compartments by abdominal computed 
tomography (CT) or magnetic resonance imaging (MRI) 
has been shown to be both feasible and reliable [16-
18]. Furthermore, abdominal CT and MRI may allow 
estimation of hepatic steatosis [19], considered to be 
closely linked to obesity [3, 20].

Only a few studies have previously explored the 
visceral and subcutaneous fat distribution in relation to 
clinicopathological characteristics in EC [21, 22]. One 
study suggested an association between a high proportion 
of visceral fat and aggressive clinical features, including 
lymph node metastasis and extrauterine disease [22]. 
However, none of these studies reported volumetric 

estimates of the abdominal fat compartments, nor included 
patient survival data.

This study aimed to explore CT-quantified 
abdominal fat volumes and fat distribution, as well 
as CT-assessed abdominal circumference and hepatic 
attenuation in relation to BMI, clinicopathological 
features and survival in a large endometrial cancer 
patient series. Furthermore, we aimed to explore the CT-
derived measures in relation to molecular markers in 
corresponding tumor tissue.

RESULTS

Intraabdominal fat volumes are correlated with 
BMI

The clinicopathological characteristics of the patient 
series (n=227) are summarized in Table 1. The mean age 
was 67 years (range 30-89). The correlations between 
BMI and the CT-assessed obesity variables (subcutaneous 
abdominal fat volume, SAV; visceral abdominal fat 
volume, VAV; total abdominal fat volume, TAV; [VAV/
TAV]x100, VAV%; waist circumference, WC; and liver 
density, LD) are given in Table 2. All the CT estimated 
fat volumes (TAV, VAV and SAV), as well as WC (Figure 
1A and 1B), were strongly positively correlated with 
patient BMI and with each other (Table 2), whereas 
LD was strongly negatively correlated with all obesity 
markers (Table 2, Supplementary Figure 1). The visceral 
fat percentage (VAV%) was not correlated with BMI, WC 
or TAV, but was weakly negatively correlated with LD 
(Table 2).

Obesity is associated with low-grade endometrial 
cancer and PR and AR expression, but not ERɑ 
expression

High values for the CT estimates reflecting obesity, 
i.e. TAV, VAV, SAV and WC, and high BMI, were all 
significantly associated with low-grade endometrioid 
subtype, and positivity for progesterone (PR) and 
androgen (AR) receptor in tumor tissue (Table 3). No 
association was observed between estrogen receptor 
alpha (ERɑ) expression and the same obesity measures 
(Table 3). Exploring the association between loss of 
hormone receptors with total abdominal fat volume, an 
incremental decrease in fat volume was noted for patients 
with loss of one, two and all three receptors (p=0.003; 
Figure 2). A similar pattern was seen when analyzing 
endometrioid tumors only (p=0.02), however the tendency 
was stronger in the subgroup of grade 3 tumors (n=21, 
p=0.041) compared to grade 1-2 tumors (n=94, p=0.19, 
data not shown). BMI and subcutaneous fat volume were 
also significantly higher in younger patients (p=0.04 and 
p=0.02, respectively; Table 3). In contrast, VAV% was 
significantly higher in patients with high age (p<0.001) 
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Table 1: Clinicopathological characteristics of 227 included endometrial cancer patients

n (%)

Primary treatment

  HBSO 221 (97)

  Curettage/palliative surgery 6 (3)

FIGO stage

  Stage I 180 (79)

  Stage II 21 (9)

  Stage III 21 (9)

  Stage IV 5 (2)

Histological subtype & grade (n=225)

  Endometrioid grade 1-2 152 (68)

  Endometrioid grade 3 32 (14)

  Non-endometrioid 41 (18)

Menopausal status

  Pre/perimenopausal 20 (9)

  Postmenopausal 207 (91)

Type II diabetes

  No 206 (91)

  Yes 21 (9)

Parity

  Nulliparous 28 (12)

  ≥ 1 199 (88)

Lymphadenectomy

  Pelvic 154 (68)

  Pelvic + para-aortic 24 (11)

  No 49 (22)

Lymph node metastasis (n=178)

  No 159 (99)

  Yes 19 (11)

Ploidy status (n=119)

  Diploid 94 (79)

  Aneuploid 25 (21)

BMI (n=226)

  Mean (SD) 27.9 (5.8)

Age

  Mean (SD) 66.9 (11.2)

Abbreviations: BMI: Body mass index; FIGO: International federation of gynecology and obstetrics; HBSO: Hysterectomy 
with bilateral salpingo-oophorectomy; n: number of patients in each category; SD: Standard deviation.
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and aneuploid tumors (p=0.01). Subset analysis in the 
endometrioid subgroup (n=186), revealed a similar overall 
pattern with low grade disease and PR/AR, but not ERɑ, 
positivity significantly associated with higher BMI, WC, 
VAV, SAV, TAV and LD (Supplementary Table 1).

A high percentage of visceral fat is associated 
with reduced endometrial cancer survival

None of the volumetric CT variables (TAV, 
VAV or SAV), BMI, WC or LD (Figure 1A and 1B, 
Supplementary Figure 1) were significantly associated 
with survival in univariable Cox analysis (data not 
shown). However, increasing VAV% was significantly 
associated with reduced survival in the univariable Cox-
model (HR 1.07, 95% CI 1.03 – 1.12, p=0.001; Table 4), 
also visualized in the Kaplan-Meier plot where patients 
with VAV% above median (≥37%) had significantly 
reduced survival (p=0.005, Figure 1C). The same 
trend was found in analyses stratified for BMI above 
and below 30, respectively (p=0.04 for both groups; 
Supplementary Figure 2A and 2B). When adjusting 
for the known prognostic variables age, FIGO stage, 
histological subtype and grade in the Cox model, VAV% 
had independent prognostic impact (HR 1.05, 95% CI 
1.00 – 1.11, p=0.041), whereas age did not (p=0.40) 
(Table 4). There were no observed differences in the 
received surgical treatment (p=0.21) or adjuvant therapy 
(p=0.39) between patients with high versus low VAV% 
(data not shown).

Global transcriptional analysis suggests 
increased immunogenic and inflammatory 
signaling in tumors arising in low VAV% context

Due to the observed survival differences, we 
further explored differences in gene expression patterns 
between tumors arising in a metabolic environment 

characterized by low versus high visceral fat percentage 
(VAV%). GSEA was performed, on the total series, and 
on endometrioid tumors separately. The tumors from 
patients with VAV% below median (<37%) showed 
enrichment of gene sets related to immune activation 
(e.g. immune response, T-cell activation, lymphocyte 
activation, response to bacterium) and inflammatory 
pathways (e.g. inflammatory response, interferon gamma 
response, cytokine binding), both when all histological 
types were included (Figure 1D, Supplementary Table 
2), and in the subgroup of endometrioid tumors only 
(Supplementary Table 3). In tumors with high VAV%, 
false discovery rate (FDR) values tended to be higher, and 
thus no significantly enriched gene sets were identified in 
these tumors.

DISCUSSION

Despite consistent evidence of increased 
endometrial cancer risk in obese women [1, 2], the 
underlying biological relation between obesity and the 
observed clinical and histopathological phenotypes in 
endometrial cancer is poorly understood. The present 
large endometrial cancer study links abdominal 
CT estimates reflecting obesity to a less aggressive 
histological phenotype, and suggests a negative 
prognostic impact of high visceral fat percentage 
(VAV%). Furthermore, low VAV% was linked to 
enrichment of gene sets regulating immunogenic and 
inflammatory response in the tumors. Thus, our data 
supports both a pathogenic and prognostic role of the 
metabolic environment induced by obesity in endometrial 
cancer, and suggests that transcriptional alterations in 
genes regulating immune- and inflammatory responses in 
the tumors may be linked to the metabolic environment 
in which the tumor arises.

This study shows that volumetric CT 
assessment of abdominal fat compartments and waist 

Table 2: Correlations (Spearman rho, ρ) between BMI and CT estimates of obesity in 227 endometrial cancer 
patients

Mean ± SD (range), unit BMI WC TAV VAV SAV VAV%

BMI1 27.9 ± 5.8 (15.6 - 50.0), kg/m2

Waist circumference (WC, L3-L4 level) 95.7 ± 13.9 (63 - 135), cm 0.90**

Total abdominal fat volume (TAV) 9,534 ± 4,599 (782 - 26,420), ml 0.89** 0.91**

Visceral abdominal fat volume (VAV) 3,549 ± 1,842 (491 - 9,825), ml 0.78** 0.81** 0.91**

Subcutaneous abdominal fat volume (SAV) 5,984 ± 3,057 (291 - 18,309), ml 0.87** 0.89** 0.97** 0.78**

Visceral fat percentage (VAV%) 37.2 ± 8.3 (18.1 - 63.3), % -0.16 -0.04 0.05 0.42** -0.17*

Liver density (LD)2 98.7 ± 20.5 (28 - 144), HU -0.71** -0.70** -0.73** -0.71** -0.67** -0.16*

Abbreviations: BMI: Body mass index; CT: Computed tomography; HU: Hounsfield units; SD: Standard deviation.
*: Correlation significant at p<0.05 level; **: Correlation significant at p<0.001 level.
1 BMI data missing for one patient; 2 Liver density data missing for two patients.
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circumference provides quantitative obesity markers 
which are highly correlated with BMI and hepatic CT 
attenuation, which is a marker of steatosis (Table 2). 
To our knowledge, this is the first study of endometrial 
cancer presenting CT-based volumetric quantification 
of the abdominal fat compartments and estimates of 
liver density. Two previous CT studies on 122 [21] 
and 200 [22] EC patients, in which total, visceral and 
subcutaneous fat tissue areas were segmented on a 
single slice at the umbilical level, also showed positive 
correlations between BMI and total (r=0.87/0.67), 
subcutaneous (r=0.86/0.61) and visceral (r=0.75/0.43) 
fat areas (r=Pearson correlation coefficients for the 
two studies, respectively; all p-values <0.001). In 
our cohort, all the CT-derived obesity markers except 
VAV% were associated with low-grade endometrioid 
tumor subtype, which is clinically characterized by 
less aggressive disease. Our results are in line with 
the report by Nakamura et al., except they found no 
association between histological subtype and visceral 
fat area [21].

Liver attenuation values have previously been 
shown to represent a fairly good radiologic estimate of 
hepatic steatosis [23]. We observed that decreasing hepatic 
attenuation was inversely correlated with BMI, TAV, SAV 
and VAV (Figure 1 and Table 2, all p<0.001), and also 
weakly negatively correlated with VAV% (p<0.05). The 
correlation coefficient was slightly stronger for VAV 
(ρ=-0.71) compared to SAV (ρ=-0.67); combined with 
the observed weak negative correlation between VAV% 
and LD (ρ=-0.16) our findings suggest that the visceral 

fat compartment may contribute slightly more than 
subcutaneous fat to obesity-associated hepatic steatosis. 
This is supported by a previous study reporting hepatic 
steatosis to be more closely linked to visceral adipose 
tissue than subcutaneous adipose tissue in healthy women 
[24].

To our knowledge, this is the first study 
presenting data on the relation between hormone 
receptor status in EC and CT-derived preoperative 
obesity markers. Interestingly, all the CT-estimated 
obesity markers except VAV% were associated with PR 
and AR positivity; both markers reportedly associated 
with less aggressive tumors [25, 26]. Furthermore, 
we observed a progressive loss of hormone receptor 
expression with decreasing total body fat (Figure 2), a 
trend that seems predominantly driven by PR loss. The 
present findings are in line with our previous report 
linking obesity to endometrioid histology and positive 
PR status [27]. Surprisingly, no significant association 
was observed between ERɑ status and obesity 
estimates, in spite of the fact that increased estrogen 
signaling is a well-established putative pathogenic 
mechanism in EC development in obese patients. 
This lack of association with ERɑ could be related to 
transcriptionally repressive effects on ERɑ mediated 
by PR signaling. In breast cancer cells, increased level 
of the PR B isoform has been reported to repress both 
ERɑ protein expression and mRNA levels [28] which 
is in line with our finding, but further studies are 
needed to understand the interplay between hormone 
receptor signaling in the setting of obesity in EC.

Figure 1: Low visceral fat percentage is associated with better disease-specific survival and enrichment of immune 
and inflammation related gene sets in endometrial tumors. Abdominal CT scans with segmentation of subcutaneous and visceral 
fat compartments in two patients with comparable BMI measurements, but with different visceral fat percentage (VAV%): (A) Patient 
with BMI 29 and low visceral fat percentage (VAV%=21%). (B) Patient with BMI 30 and high visceral fat percentage (VAV%=62%). (C) 
Kaplan-Meier curve showing significantly reduced disease-specific survival in patients with high VAV% (median cut-off: ≥37%; p=0.005, 
log-rank test). (D) Gene set enrichment analysis of tumors with low (<37%, n=56) versus high (≥37%, n=49) VAV% was performed. 
Diagram shows the percentage of Hallmark and Gene ontology (GO) gene sets enriched in tumors with low VAV% that were linked to 
immunogenic and inflammatory pathways versus other pathways. Cut-off for selected gene sets was False Discovery Rate (FDR) <5%. A 
full description of the gene sets is supplied in Supplementary Table 2.
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Previous reports on the impact of obesity, measured 
by BMI, on endometrial cancer survival are conflicting 
[27, 29-35]. Interestingly, whereas BMI, WC, LD and 
volumetric fat estimates were not associated with survival 
in this cohort, we found that patients with increasing 
visceral fat percentage (VAV%) had significantly reduced 
disease-specific survival, an effect that seemed to be 
independent of BMI (Table 4, Figure 1 and Supplementary 
Figure 2). Notably, disease-specific survival was 
intentionally chosen as end-point, thus ruling out other 
potential causes of early death reportedly linked to a 
high visceral fat proportion; i.e. cardiovascular disease, 
diabetes and other malignancies [11]. Based on the 
present finding, it seems reasonable to hypothesize that 
the metabolic environment induced by a high visceral fat 
proportion may be a driving factor for tumor progression 

and metastasis in endometrial cancer. Similar findings of 
reduced disease-specific survival in patients with high 
visceral fat proportion have been reported for other cancer 
types, including colorectal cancer [14, 15], esophageal 
cancer [13], lymphoma [36] and metastatic melanoma 
[12]. However, the relatively low number of events (n=28) 
in our cohort underlines that the independent prognostic 
impact of VAV% should be interpreted with care, and 
the finding needs to be validated in large independent 
endometrial cancer data sets in future studies. Nonetheless, 
CT-based estimates of abdominal fat volumes and fat 
distribution patterns represent promising biomarkers that 
may yield novel insight into the interplay between the 
metabolic environment and corresponding tumor biology. 
It should also be emphasized that these CT estimates 
are obtainable without much extra time-consume for the 

Table 3: BMI and CT-estimated obesity parameters in relation to clinicopathological factors and hormone receptor 
status for 227 endometrial cancer patients

BMI WC TAV VAV SAV VAV% LD

n (%) median p median p median p median p median p median p median p

(kg/m2) (cm) (ml) (ml) (ml) (%) (HU)

Histological subtype & grade 
(n=225)

0.02 0.02 0.01 0.03 0.01 0.54 0.01

  Endometrioid grade 1-2 152 (68) 28.0 98 10,302 3,647 6,032 37 99

  Endometrioid grade 3 32 (14) 25.2 87 6,645 2,241 4,310 36 109

  Non-endometrioid 41 (18) 25.6 91 7,978 2,849 4,476 39 106

FIGO stage 0.63 0.74 0.90 0.79 0.66 0.21 0.57

  I+II 201 (89) 26.1 96 8,984 3,390 5,613 37 102

  III+IV 26 (11) 26.7 96 8,596 3,160 4,890 40 102

Ploidy (n=119) 0.29 0.30 0.37 0.98 0.19 0.01 0.46

  Diploid 94 (79) 26.4 96 9,438 3,439 5,716 37 99

  Aneuploid 25 (21) 26.1 92 8,024 3,295 4,476 42 102

Age (median) 0.04 0.15 0.35 0.21 0.02 <0.001 0.17

  < 67 years 108 (47) 26.8 96 8,920 3,159 6,084 34 101

  ≥ 67 years 121 (53) 26.4 95 9,174 3,748 5,041 40 102

ERɑ expression, IHC (n=170) 0.36 0.15 0.20 0.23 0.27 0.99 0.10

  Positive 114 (67) 27.1 98 9,627 3,464 5,693 37 100

  Negative 56 (33) 26.0 94 8,152 2,951 4,820 39 105

PR expression, IHC (n=170) <0.001 <0.001 <0.001 0.001 <0.001 0.37 0.002

  Positive 131 (77) 28.0 98 10,386 3,596 6,155 37 100

  Negative 39 (23) 24.6 88 6,180 2,273 3,642 39 106

AR expression, IHC (n=169) 0.01 0.002 0.004 0.004 0.01 0.47 0.01

  Positive 107 (63) 28.0 98 10,420 3,831 6,120 37 98

  Negative 62 (37) 25.1 91 7,957 2,811 4,557 38 106

Abbreviations: AR: Androgen receptor; BMI: Body mass index; CT: Computed tomography; ERɑ: Estrogen receptor alpha; FIGO: International federation of gynecology 
and obstetrics; HU: Hounsfield units; IHC: Immunohistochemistry; LD: Liver density; PR: Progesterone receptor; p: p-values (Independent samples Kruskal-Wallis test for 
histological subtype and grade, remaining p-values: Mann-Whitney U test); SAV: Subcutaneous abdominal fat volume; TAV: Total abdominal fat volume; VAV: Visceral 
abdominal fat volume; VAV%: Visceral fat percentage; WC: Waist circumference.
BMI: data missing for one patient.
Liver density: data missing for two patients.
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radiologist, and could thus quite easily be incorporated 
into the clinic.

Increasing VAV% was significantly associated 
with high age in our cohort. Similar findings were 
reported by Ye et al. [22], and the finding is in line with 
previous literature reporting gradual redistribution of 
fat to the visceral compartment with increasing age in 
healthy individuals [37]. Advanced age is known to be an 
unfavorable prognostic factor in EC [38]. Interestingly, 
when including both age and VAV% in the Cox model, 
only VAV% was an independent predictor of survival. Our 
results could thus suggest that the well-known unfavorable 
prognostic impact of advanced age in EC may in part 
be due to the metabolic effects mediated by the higher 
visceral fat proportion observed in elderly patients.

Although visceral adipose tissue is thought to 
promote carcinogenesis by inducing a state of low-grade 
systemic inflammation [11], we observed an opposite 
trend in tumor tissue: gene sets linked to inflammation 
and immune response were enriched in tumors arising 
in patients with low VAV%, who had better survival 

compared to patients with high VAV%. In line with 
this, high epithelial infiltration of CD8+ T-lymphocytes 
has been reported to be associated with favorable EC 
prognosis [39, 40]. Our finding of improved outcome in 
patients with low VAV%, may thus perhaps be explained 
by a more preserved tumor immune response. Also, in a 
recent study of tumor-bearing mice, systematic physical 
exercise reportedly led to reduced tumor size with 
upregulation of genes associated with immune activity 
[41]. This study also supports the notion that the metabolic 
environment in which a tumor arises may influence host 
defense responses, which may ultimately have an impact 
on tumor growth and patient survival. However, functional 
studies are needed to reveal the relevant mechanisms 
involved, and are necessary if novel targets for treatment 
are to be identified.

This study has some limitations. Our estimates of 
hepatic attenuation were performed on contrast-enhanced 
CT scans which were carried out as a part of the routine 
diagnostic work-up. Although contrast-enhanced CT scans 
have been shown to provide good measures of hepatic 

Figure 2: Total abdominal fat volume in relation to hormone receptor status. Whisker plots displaying the distribution of total 
abdominal fat volumes (L) for 149 endometrial cancer patients. From left to right: tumors with high immunohistochemical expression of the 
estrogen receptor (ER), progesterone receptor (PR) and androgen receptor (AR) (n=77), low expression of one of the receptors (n=30), low 
expression of two of the receptors (n=21) and low expression of all three receptors (n=21). For each case, positive/negative status for ER, 
PR or AR is indicated by green/red triangles, squares and circles, respectively. * outlier > 1.5 interquartile range, ** outlier > 3 interquartile 
range. P-value: Jonckheere-Terpstra trend test.
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steatosis, non-contrast-enhanced CT is considered slightly 
better and is regarded as the gold standard for evaluation 
of hepatic steatosis [23]. We were not able to adjust for 
alcohol consumption or other potential confounding factors 
related to increased hepatic steatosis since this information 
was not available. Also, our BMI calculations (measured at 
time of diagnosis) and all CT-based estimates only provide a 
snapshot of the metabolic status at one particular time-point 
of the disease. We did not have any data regarding history of 
weight gain/weight loss, or changes in fat distribution over 
time prior to disease development; factors that potentially 
also could be linked to tumor development and survival. To 
be able to better adjust for potential confounding factors, a 
larger study including information for these factors is needed.

In conclusion, this study suggests a negative prognostic 
impact of high visceral fat percentage (VAV%) in EC. Tumors 
arising in patients with low VAV% showed enrichment of 
gene sets related to increased immunogenic and inflammatory 
signaling, thus supporting that the metabolic environment in 
which the tumor arises may influence its immune response. 
Altered tumor immune response in relation to obesity should 
be further explored, and may reveal possible therapeutic 
targets for novel treatment of endometrial cancer patients.

MATERIALS AND METHODS

Patient series

We included 227 women diagnosed with primary 
endometrial cancer between 2009 and 2014 at Haukeland 
University Hospital, Bergen, Norway. The patient 
series was extracted from a larger, population based, 
prospectively collected and well annotated endometrial 

cancer cohort, the Momatec (Molecular Markers in 
Treatment of Endometrial Cancer) study, previously 
well described [25, 42]. All participants signed informed 
consent, and the local ethical committee approved the 
study (REK numbers 2015/2333 and 2009/2315). All 
the included patients had undergone either preoperative 
abdominal contrast-enhanced computed tomography 
(CT) scans (n=225) or non-contrast enhanced CT scans 
(n=2), as part of the routine diagnostic work-up. Primary 
treatment consisted of hysterectomy with bilateral 
salpingo-oophorectomy (HBSO) in 97% of the cases 
(221/227). If HBSO was not performed (6/227), the 
patients were staged based on results from curettage, 
clinical examination and preoperative imaging. All 
patients were staged according to the FIGO 2009 
criteria [43]. Clinicopathological and follow-up data 
were collected by review of the medical records. The 
median follow-up time of survivors was 4.1 years (range 
0.1 – 7.6), and patients were followed from the date of 
primary surgery until December 22nd 2016, or death. 
Histological type was classified as endometrioid or non-
endometrioid, the latter including serous-papillary tumors 
(n=22), clear cell tumors (n=5), carcinosarcomas (n=10) 
and undifferentiated tumors (n=4). BMI was calculated 
from measured height and weight at the time of diagnosis 
(weight in kg divided by height in meters squared). Patient 
characteristics are summarized in Table 1. For a subset 
of the included patients, immunohistochemical data for 
estrogen receptor alpha (ERɑ; n=170), progesterone 
receptor (PR; n=170) and androgen receptor (AR; n=169) 
expression were available, with complete overlap between 
the three hormone receptors for 149 patients. The staining 
procedure and evaluation for ERɑ [44, 45], PR [26] and 

Table 4: Prognostic impact of VAV% adjusted for FIGO stage, age, histological subtype and grade, for 225 
endometrial cancer patients (Cox proportional hazards regression model)

n Unadjusted HR 95% CI p-value Adjusted HR 95% CI p-value

FIGO stage <0.001 0.003

  Stage I 178 1 1

  Stage II 21 1.20 0.27 – 5.26 0.813 0.53 0.11 – 2.59 0.431

  Stage III 21 6.61 2.85 – 15.29 <0.001 4.44 1.75 – 11.26 0.002

  Stage IV 5 11.54 3.31 – 40.31 <0.001 3.11 0.80 – 12.10 0.101

Histological subtype & 
grade <0.001 0.001

  Endometrioid grade 1-2 152 1 1

  Endometrioid grade 3 32 2.22 0.68 - 7.20 0.185 1.12 0.31 - 4.06 0.860

  Non-endometrioid 41 7.59 3.32 - 17.36 <0.001 4.91 1.94 - 12.42 0.001

Age 225 1.05 1.01 – 1.09 0.008 1.02 0.97 -1.07 0.400

VAV% 225 1.07 1.03 - 1.12 0.001 1.05 1.00 - 1.11 0.041

Abbreviations: CI: Confidence interval; FIGO: International federation of gynecology and obstetrics; HR: Hazard ratio; VAV%: Visceral 
fat percentage. p-value: Wald test.
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AR [25] has been described previously. Ploidy status, 
estimated by flow cytometry as previously described [46], 
was available for 119 patients. For 105 patients, fresh 
frozen tissue was available for global gene expression 
analyses, further described below.

Image analyses

Diagnostic abdominal contrast-enhanced CT 
scans (n=225) and non-contrast CT scans (n=2) were 
evaluated for assessment of abdominal fat volume. By 
the software iNtuition (TeraRecon Inc., San Mateo, 
CA, USA), cross-sectional images were analyzed 
consecutively from the upper right diaphragm to L5/S1-
level, using a semi-automated method for volumetric 
quantification of abdominal fat [17]. This method is based 
on segmentation of pixels with values for Hounsfield units 
(HU) corresponding to adipose tissue (-195 to -45 HU) 
[17]. The correct segmentation of the subcutaneous and 
visceral fat compartments was visually verified by the 
operator, and manually adjusted if necessary (Figure 1A 
and 1B). The visceral abdominal fat volume (VAV; cm3) 
and subcutaneous abdominal fat volume (SAV; cm3) were 
estimated. The two compartments were considered to 
comprise the total abdominal fat volume (TAV, cm3). The 
percentage of visceral out of total abdominal fat volume 
([VAV/TAV]x100; VAV%) was also calculated. Waist 
circumference (WC; cm) was measured at the level of 
vertebral body L3/L4.

To estimate liver steatosis as a surrogate marker 
of obesity [3, 20], we used the software ImageJ [47] to 
register attenuation values measured in Hounsfield units 
(HU) on contrast-enhanced images in portal venous 
contrast phase [23]. Mean hepatic parenchymal attenuation 
values were measured in three distinct circular regions of 
interest (ROI) with a diameter of 15 millimeters, and the 
mean value of the three ROIs was calculated and used in 
the analyses. Care was taken to avoid inclusion of visually 
distinct vasculature or biliary ducts, and focal liver 
lesions, if present, in the ROIs. Two patients did not have 
available contrast-enhanced CT scans, and liver density 
measurement was not performed.

Expression microarrays and data analysis

RNA was extracted from fresh frozen tumor 
tissue, and hybridized to Agilent Whole Human Genome 
Microarray Kit, 44k (catalogue number G4 112F) as 
described previously [44]. Arrays were scanned using 
the Agilent Microarray Scanner Bundle. The software 
J-express (www.molmine.com) [48] was used for data 
analysis. Median spot intensity was used to define the 
intensity signal, and the data set was checked for batch 
effects before and after quantile normalization. Gene 
set enrichment analysis (GSEA) (www.broadinstitute.
org/gsea) [49] was performed on the expression data set 
collapsed to max probe (total 30,500 probes), using the 

Molecular Signatures Database (MSigDB, version 5.1) 
datasets Hallmark and c5 (Gene ontology gene sets) 
(www.broadinstitute.org/gsea/msigdb). A false discovery 
rate (FDR) < 5% was set as cut-off level when determining 
significantly differentially expressed gene sets between 
patients with high versus low VAV%.

Statistical analysis

Statistical analyses were performed using SPSS 
(Statistical Package of the Social Sciences), version 
23.0 (IBM Corp, 2015). Correlations were assessed 
by Spearman’s rank correlation (ρ=rho). To compare 
the distribution of a continuous variable between two 
groups, the Mann-Whitney U-test was applied, and 
between multiple groups the Kruskal-Wallis H test or 
Jonckheere-Terpstra trend test was used. For analyses of 
disease specific survival (DSS), patients were included 
at the date of primary surgery, and the primary endpoint 
was defined as death from endometrial cancer. Patients 
who died from other causes were censored at the date 
of death. To examine if any of the obesity variables 
were associated with survival, the Cox Proportional 
Hazards Regression Model was used, after visual 
assessment of included variables by a log-minus-log plot 
to check the assumption of proportional hazards. Only 
univariable significant predictors were included in the 
final multivariable Cox-model. VAV% was dichotomized 
according to median for visual presentation of survival 
data in a Kaplan-Meier plot, assessing survival 
differences between groups by the two-sided log-rank 
test (Mantel-Cox). This dichotomization was also used 
when comparing differentially expressed gene sets 
between groups (high versus low VAV%). All statistical 
tests were two-sided, and p-values less than 0.05 were 
considered significant.

Abbreviations

AR: Androgen receptor; BMI; Body mass index; 
CT: Computed tomography; DSS: Disease specific 
survival; EC: Endometrial cancer; ERɑ: Estrogen receptor 
alpha; FDR: False discovery rate; FIGO: International 
Federation of Gynecology and Obstetrics; GSEA: Gene 
set enrichment analysis; HBSO: Hysterectomy with 
bilateral salpingo-oophorectomy; HR: Hazard ratio; HU: 
Hounsfield units; LD; Liver density; PR: Progesterone 
receptor; ROI: Region of interest; SAV: Subcutaneous 
abdominal fat volume; TAV: Total abdominal fat volume; 
VAV: Visceral abdominal fat volume; VAV%: Visceral fat 
percentage; WC: Waist circumference.

Author contributions

KKM, ØE, HBS, EAH, HMJW, GM and ISH 
designed and planned the study. KKM, HBS and HMJW 
gathered clinical samples and collected patient data. ØE 

http://www.molmine.com
http://www.broadinstitute.org/gsea
http://www.broadinstitute.org/gsea
http://www.broadinstitute.org/gsea/msigdb


Oncotarget105193www.impactjournals.com/oncotarget

and SYH performed CT data acquisition. ILT and CK 
performed immunohistochemical staining and evaluation 
of hormone receptors. KKM prepared data sets and 
performed data analyses. KKM, ØE, SYH, AB, ØOS, 
EAH, HMJW, GM and ISH interpreted the data, prepared 
figures and tables and wrote the manuscript. All co-authors 
critically reviewed the manuscript.

ACKNOWLEDGMENTS

The authors would like to thank Bendik Nordanger, 
Britt Edvardsen, Elisabeth Enge, Ellen Valen, Kadri 
Madissoo and Reidun Kopperud for technical assistance, 
and Kjell Petersen for input on microarray data 
interpretation.

CONFLICTS OF INTEREST

The authors declare no potential conflicts of interest.

FINANCIAL SUPPORT

This study was supported by the University of 
Bergen, The Western Norwegian Regional Health 
Authority (including grant number 911717), MedViz 
(www.medviz.uib.no), Bergen Research Foundation, The 
Norwegian Research Council (grant number 628837) and 
The Norwegian Cancer Society (grant number 239837).

REFERENCES

1.	 Bhaskaran K, Douglas I, Forbes H, dos-Santos-Silva 
I, Leon DA, Smeeth L. Body-mass index and risk of 22 
specific cancers: a population-based cohort study of 5.24 
million UK adults. Lancet. 2014; 384: 755-65. https://doi.
org/10.1016/S0140-6736(14)60892-8.

2.	 Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, 
Bianchini F, Straif K, International Agency for Research 
on Cancer Handbook Working G. Body Fatness and 
Cancer--Viewpoint of the IARC Working Group. N 
Engl J Med. 2016; 375: 794-8. https://doi.org/10.1056/
NEJMsr1606602.

3.	 Calle EE, Kaaks R. Overweight, obesity and cancer: 
epidemiological evidence and proposed mechanisms. Nat Rev 
Cancer. 2004; 4: 579-91. https://doi.org/10.1038/nrc1408.

4.	 De Pergola G, Silvestris F. Obesity as a major risk factor 
for cancer. J Obes. 2013; 2013: 291546. https://doi.
org/10.1155/2013/291546.

5.	 Kaaks R, Lukanova A, Kurzer MS. Obesity, endogenous 
hormones, and endometrial cancer risk: a synthetic 
review. Cancer Epidemiol Biomarkers Prev. 2002; 11: 
1531-43.

6.	 Setiawan VW, Yang HP, Pike MC, McCann SE, Yu H, 
Xiang YB, Wolk A, Wentzensen N, Weiss NS, Webb PM, 

van den Brandt PA, van de Vijver K, Thompson PJ, et 
al. Type I and II endometrial cancers: have they different 
risk factors? J Clin Oncol. 2013; 31: 2607-18. https://doi.
org/10.1200/JCO.2012.48.2596.

7.	 Amant F, Moerman P, Neven P, Timmerman D, Van 
Limbergen E, Vergote I. Endometrial cancer. Lancet. 2005; 
366: 491-505. https://doi.org/S0140-6736(05)67063-8.

8.	 Khandekar MJ, Cohen P, Spiegelman BM. Molecular 
mechanisms of cancer development in obesity. Nat Rev 
Cancer. 2011; 11: 886-95. https://doi.org/10.1038/nrc3174.

9.	 Prentice AM, Jebb SA. Beyond body mass index. Obes Rev. 
2001; 2: 141-7.

10.	 Renehan AG, Zwahlen M, Egger M. Adiposity and cancer 
risk: new mechanistic insights from epidemiology. Nat Rev 
Cancer. 2015; 15: 484-98. https://doi.org/10.1038/nrc3967.

11.	 Doyle SL, Donohoe CL, Lysaght J, Reynolds JV. Visceral 
obesity, metabolic syndrome, insulin resistance and cancer. 
Proc Nutr Soc. 2012; 71: 181-9. https://doi.org/10.1017/
S002966511100320X.

12.	 Grignol VP, Smith AD, Shlapak D, Zhang X, Del Campo 
SM, Carson WE. Increased visceral to subcutaneous 
fat ratio is associated with decreased overall survival 
in patients with metastatic melanoma receiving anti-
angiogenic therapy. Surg Oncol. 2015; 24: 353-8. https://
doi.org/10.1016/j.suronc.2015.09.002.

13.	 Okamura A, Watanabe M, Mine S, Nishida K, Imamura 
Y, Kurogochi T, Kitagawa Y, Sano T. Clinical Impact 
of Abdominal Fat Distribution on Prognosis After 
Esophagectomy for Esophageal Squamous Cell Carcinoma. 
Ann Surg Oncol. 2016; 23: 1387-94. https://doi.
org/10.1245/s10434-015-5018-x.

14.	 Clark W, Siegel EM, Chen YA, Zhao X, Parsons CM, 
Hernandez JM, Weber J, Thareja S, Choi J, Shibata D. 
Quantitative measures of visceral adiposity and body mass 
index in predicting rectal cancer outcomes after neoadjuvant 
chemoradiation. J Am Coll Surg. 2013; 216: 1070-81. 
https://doi.org/10.1016/j.jamcollsurg.2013.01.007.

15.	 Moon HG, Ju YT, Jeong CY, Jung EJ, Lee YJ, Hong SC, 
Ha WS, Park ST, Choi SK. Visceral obesity may affect 
oncologic outcome in patients with colorectal cancer. Ann 
Surg Oncol. 2008; 15: 1918-22. https://doi.org/10.1245/
s10434-008-9891-4.

16.	 Machann J, Thamer C, Schnoedt B, Haap M, Haring 
HU, Claussen CD, Stumvoll M, Fritsche A, Schick F. 
Standardized assessment of whole body adipose tissue 
topography by MRI. J Magn Reson Imaging. 2005; 21: 455-
62. https://doi.org/10.1002/jmri.20292.

17.	 Maurovich-Horvat P, Massaro J, Fox CS, Moselewski F, 
O’Donnell CJ, Hoffmann U. Comparison of anthropometric, 
area- and volume-based assessment of abdominal 
subcutaneous and visceral adipose tissue volumes using 
multi-detector computed tomography. Int J Obes (Lond). 
2007; 31: 500-6. https://doi.org/10.1038/sj.ijo.0803454.

http://www.medviz.uib.no
https://doi.org/10.1016/S0140-6736(14)60892-8
https://doi.org/10.1016/S0140-6736(14)60892-8
https://doi.org/10.1056/NEJMsr1606602
https://doi.org/10.1056/NEJMsr1606602
https://doi.org/10.1038/nrc1408
https://doi.org/10.1155/2013/291546
https://doi.org/10.1155/2013/291546
https://doi.org/10.1200/JCO.2012.48.2596
https://doi.org/10.1200/JCO.2012.48.2596
https://doi.org/S0140-6736(05)67063-8
https://doi.org/10.1038/nrc3174
https://doi.org/10.1038/nrc3967
https://doi.org/10.1017/S002966511100320X
https://doi.org/10.1017/S002966511100320X
https://doi.org/10.1016/j.suronc.2015.09.002
https://doi.org/10.1016/j.suronc.2015.09.002
https://doi.org/10.1245/s10434-015-5018-x
https://doi.org/10.1245/s10434-015-5018-x
https://doi.org/10.1016/j.jamcollsurg.2013.01.007
https://doi.org/10.1245/s10434-008-9891-4
https://doi.org/10.1245/s10434-008-9891-4
https://doi.org/10.1002/jmri.20292
https://doi.org/10.1038/sj.ijo.0803454


Oncotarget105194www.impactjournals.com/oncotarget

18.	 Wilhelm Poll L, Wittsack HJ, Koch JA, Willers R, Cohnen 
M, Kapitza C, Heinemann L, Modder U. A rapid and 
reliable semiautomated method for measurement of total 
abdominal fat volumes using magnetic resonance imaging. 
Magn Reson Imaging. 2003; 21: 631-6.

19.	 Yoshimitsu K, Kuroda Y, Nakamuta M, Taketomi A, Irie H, 
Tajima T, Hirakawa M, Ishigami K, Ushijima Y, Yamada T, 
Honda H. Noninvasive estimation of hepatic steatosis using 
plain CT vs. chemical-shift MR imaging: significance for 
living donors. J Magn Reson Imaging. 2008; 28: 678-84. 
https://doi.org/10.1002/jmri.21457.

20.	 Tarantino G, Finelli C. What about non-alcoholic fatty liver 
disease as a new criterion to define metabolic syndrome? 
World J Gastroenterol. 2013; 19: 3375-84. https://doi.
org/10.3748/wjg.v19.i22.3375.

21.	 Nakamura K, Hongo A, Kodama J, Hiramatsu Y. Fat 
accumulation in adipose tissues as a risk factor for the 
development of endometrial cancer. Oncol Rep. 2011; 26: 
65-71. https://doi.org/10.3892/or.2011.1259.

22.	 Ye S, Wen H, Jiang Z, Wu X. The effect of visceral obesity 
on clinicopathological features in patients with endometrial 
cancer: a retrospective analysis of 200 Chinese patients. 
BMC Cancer. 2016; 16: 209. https://doi.org/10.1186/
s12885-016-2230-4.

23.	 Kodama Y, Ng CS, Wu TT, Ayers GD, Curley SA, Abdalla 
EK, Vauthey JN, Charnsangavej C. Comparison of CT 
methods for determining the fat content of the liver. 
AJR Am J Roentgenol. 2007; 188: 1307-12. https://doi.
org/10.2214/AJR.06.0992.

24.	 Park BJ, Kim YJ, Kim DH, Kim W, Jung YJ, Yoon JH, Kim 
CY, Cho YM, Kim SH, Lee KB, Jang JJ, Lee HS. Visceral 
adipose tissue area is an independent risk factor for hepatic 
steatosis. J Gastroenterol Hepatol. 2008; 23: 900-7. https://
doi.org/10.1111/j.1440-1746.2007.05212.x.

25.	 Tangen IL, Onyango TB, Kopperud R, Berg A, Halle MK, 
Oyan AM, Werner HM, Trovik J, Kalland KH, Salvesen 
HB, Krakstad C. Androgen receptor as potential therapeutic 
target in metastatic endometrial cancer. Oncotarget. 2016; 
7: 49289-49298. https://doi.org/10.18632/oncotarget.10334.

26.	 Tangen IL, Werner HM, Berg A, Halle MK, Kusonmano K, 
Trovik J, Hoivik EA, Mills GB, Krakstad C, Salvesen HB. 
Loss of progesterone receptor links to high proliferation 
and increases from primary to metastatic endometrial 
cancer lesions. Eur J Cancer. 2014; 50: 3003-10. https://
doi.org/10.1016/j.ejca.2014.09.003.

27.	 Mauland KK, Trovik J, Wik E, Raeder MB, Njolstad TS, 
Stefansson IM, Oyan AM, Kalland KH, Bjorge T, Akslen 
LA, Salvesen HB. High BMI is significantly associated 
with positive progesterone receptor status and clinico-
pathological markers for non-aggressive disease in 
endometrial cancer. Br J Cancer. 2011; 104: 921-6. https://
doi.org/10.1038/bjc.2011.46.

28.	 De Amicis F, Zupo S, Panno ML, Malivindi R, Giordano 
F, Barone I, Mauro L, Fuqua SA, Ando S. Progesterone 

receptor B recruits a repressor complex to a half-PRE site of 
the estrogen receptor alpha gene promoter. Mol Endocrinol. 
2009; 23: 454-65. https://doi.org/10.1210/me.2008-0267.

29.	 Arem H, Irwin ML. Obesity and endometrial cancer 
survival: a systematic review. Int J Obes (Lond). 2013; 37: 
634-9. https://doi.org/10.1038/ijo.2012.94.

30.	 Arem H, Park Y, Pelser C, Ballard-Barbash R, Irwin ML, 
Hollenbeck A, Gierach GL, Brinton LA, Pfeiffer RM, 
Matthews CE. Prediagnosis body mass index, physical 
activity, and mortality in endometrial cancer patients. J Natl 
Cancer Inst. 2013; 105: 342-9. https://doi.org/10.1093/jnci/
djs530.

31.	 Gates EJ, Hirschfield L, Matthews RP, Yap OW. Body 
mass index as a prognostic factor in endometrioid 
adenocarcinoma of the endometrium. J Natl Med Assoc. 
2006; 98: 1814-22.

32.	 Kodama J, Seki N, Ojima Y, Nakamura K, Hongo A, 
Hiramatsu Y. Correlation of presenting symptoms and 
patient characteristics with endometrial cancer prognosis in 
Japanese women. Int J Gynaecol Obstet. 2005; 91: 151-6. 
https://doi.org/10.1016/j.ijgo.2005.08.002.

33.	 Munstedt K, Wagner M, Kullmer U, Hackethal A, 
Franke FE. Influence of body mass index on prognosis in 
gynecological malignancies. Cancer Causes Control. 2008; 
19: 909-16. https://doi.org/10.1007/s10552-008-9152-7.

34.	 Park JY, Cho JH, Min JY, Kim DY, Kim JH, Kim YM, Kim 
YT, Nam JH. Impact of body mass index on the prognosis 
of Korean women with endometrioid adenocarcinoma of 
the uterus: A cohort study. Obstet Gynecol Sci. 2014; 57: 
115-20. https://doi.org/10.5468/ogs.2014.57.2.115.

35.	 Secord AA, Hasselblad V, Von Gruenigen VE, Gehrig PA, 
Modesitt SC, Bae-Jump V, Havrilesky LJ. Body mass index 
and mortality in endometrial cancer: A systematic review 
and meta-analysis. Gynecol Oncol. 2016; 140: 184-90. 
https://doi.org/10.1016/j.ygyno.2015.10.020.

36.	 Shin DY, Kim A, Byun BH, Moon H, Kim S, Ko YJ, Kim 
MJ, Lee HR, Kang HJ, Na II, Park S, Lee SS, Yang SH. 
Visceral adipose tissue is prognostic for survival of diffuse 
large B cell lymphoma treated with frontline R-CHOP. 
Ann Hematol. 2016; 95: 409-16. https://doi.org/10.1007/
s00277-015-2571-0.

37.	 Hunter GR, Gower BA, Kane BL. Age Related Shift in 
Visceral Fat. Int J Body Compos Res. 2010; 8: 103-8.

38.	 Creutzberg CL, van Putten WL, Koper PC, Lybeert ML, 
Jobsen JJ, Warlam-Rodenhuis CC, De Winter KA, Lutgens 
LC, van den Bergh AC, van de Steen-Banasik E, Beerman 
H, van Lent M. Surgery and postoperative radiotherapy 
versus surgery alone for patients with stage-1 endometrial 
carcinoma: multicentre randomised trial. PORTEC Study 
Group. Post Operative Radiation Therapy in Endometrial 
Carcinoma. Lancet. 2000; 355: 1404-11.

39.	 Kondratiev S, Sabo E, Yakirevich E, Lavie O, Resnick 
MB. Intratumoral CD8+ T lymphocytes as a prognostic 
factor of survival in endometrial carcinoma. Clin Cancer 

https://doi.org/10.1002/jmri.21457
https://doi.org/10.3748/wjg.v19.i22.3375
https://doi.org/10.3748/wjg.v19.i22.3375
https://doi.org/10.3892/or.2011.1259
https://doi.org/10.1186/s12885-016-2230-4
https://doi.org/10.1186/s12885-016-2230-4
https://doi.org/10.2214/AJR.06.0992
https://doi.org/10.2214/AJR.06.0992
https://doi.org/10.1111/j.1440-1746.2007.05212.x
https://doi.org/10.1111/j.1440-1746.2007.05212.x
https://doi.org/10.18632/oncotarget.10334
https://doi.org/10.1016/j.ejca.2014.09.003
https://doi.org/10.1016/j.ejca.2014.09.003
https://doi.org/10.1038/bjc.2011.46
https://doi.org/10.1038/bjc.2011.46
https://doi.org/10.1210/me.2008-0267
https://doi.org/10.1038/ijo.2012.94
https://doi.org/10.1093/jnci/djs530
https://doi.org/10.1093/jnci/djs530
https://doi.org/10.1016/j.ijgo.2005.08.002
https://doi.org/10.1007/s10552-008-9152-7
https://doi.org/10.5468/ogs.2014.57.2.115
https://doi.org/10.1016/j.ygyno.2015.10.020
https://doi.org/10.1007/s00277-015-2571-0
https://doi.org/10.1007/s00277-015-2571-0


Oncotarget105195www.impactjournals.com/oncotarget

Res. 2004; 10: 4450-6. https://doi.org/10.1158/1078-0432.
CCR-0732-3.

40.	 Workel HH, Komdeur FL, Wouters MC, Plat A, Klip HG, 
Eggink FA, Wisman GB, Arts HJ, Oonk MH, Mourits MJ, 
Yigit R, Versluis M, Duiker EW, et al. CD103 defines 
intraepithelial CD8+ PD1+ tumour-infiltrating lymphocytes 
of prognostic significance in endometrial adenocarcinoma. 
Eur J Cancer. 2016; 60: 1-11. https://doi.org/10.1016/j.
ejca.2016.02.026.

41.	 Pedersen L, Idorn M, Olofsson GH, Lauenborg B, Nookaew 
I, Hansen RH, Johannesen HH, Becker JC, Pedersen 
KS, Dethlefsen C, Nielsen J, Gehl J, Pedersen BK, et al. 
Voluntary Running Suppresses Tumor Growth through 
Epinephrine- and IL-6-Dependent NK Cell Mobilization 
and Redistribution. Cell Metab. 2016; 23: 554-62. https://
doi.org/10.1016/j.cmet.2016.01.011.

42.	 Trovik J, Wik E, Stefansson IM, Marcickiewicz J, 
Tingulstad S, Staff AC, Njolstad TS, MoMaTec Study G, 
Vandenput I, Amant F, Akslen LA, Salvesen HB. Stathmin 
overexpression identifies high-risk patients and lymph 
node metastasis in endometrial cancer. Clin Cancer Res. 
2011; 17: 3368-77. https://doi.org/10.1158/1078-0432.
CCR-10-2412.

43.	 Pecorelli S. Revised FIGO staging for carcinoma of the 
vulva, cervix, and endometrium. Int J Gynaecol Obstet. 
2009; 105: 103-4.

44.	 Krakstad C, Tangen IL, Hoivik EA, Halle MK, Berg A, 
Werner HM, Raeder MB, Kusonmano K, Zou JX, Oyan 
AM, Stefansson I, Trovik J, Kalland KH, et al. ATAD2 

overexpression links to enrichment of B-MYB-translational 
signatures and development of aggressive endometrial 
carcinoma. Oncotarget. 2015; 6: 28440-52. https://doi.
org/10.18632/oncotarget.4955.

45.	 Wik E, Raeder MB, Krakstad C, Trovik J, Birkeland 
E, Hoivik EA, Mjos S, Werner HM, Mannelqvist M, 
Stefansson IM, Oyan AM, Kalland KH, Akslen LA, et 
al. Lack of estrogen receptor-alpha is associated with 
epithelial-mesenchymal transition and PI3K alterations in 
endometrial carcinoma. Clin Cancer Res. 2013; 19: 1094-
105. https://doi.org/10.1158/1078-0432.CCR-12-3039.

46.	 Wik E, Trovik J, Iversen OE, Engelsen IB, Stefansson IM, 
Vestrheim LC, Haugland HK, Akslen LA, Salvesen HB. 
Deoxyribonucleic acid ploidy in endometrial carcinoma: 
a reproducible and valid prognostic marker in a routine 
diagnostic setting. Am J Obstet Gynecol. 2009; 201: 603 
e1-7. https://doi.org/10.1016/j.ajog.2009.07.029.

47.	 Schneider CA, Rasband WS, Eliceiri KW. NIH Image to 
ImageJ: 25 years of image analysis. Nat Methods. 2012; 
9: 671-5.

48.	 Dysvik B, Jonassen I. J-Express: exploring gene expression 
data using Java. Bioinformatics. 2001; 17: 369-70.

49.	 Subramanian A, Tamayo P, Mootha VK, Mukherjee S, 
Ebert BL, Gillette MA, Paulovich A, Pomeroy SL, Golub 
TR, Lander ES, Mesirov JP. Gene set enrichment analysis: 
a knowledge-based approach for interpreting genome-wide 
expression profiles. Proc Natl Acad Sci U S A. 2005; 102: 
15545-50. https://doi.org/10.1073/pnas.0506580102.

https://doi.org/10.1158/1078-0432.CCR-0732-3
https://doi.org/10.1158/1078-0432.CCR-0732-3
https://doi.org/10.1016/j.ejca.2016.02.026
https://doi.org/10.1016/j.ejca.2016.02.026
https://doi.org/10.1016/j.cmet.2016.01.011
https://doi.org/10.1016/j.cmet.2016.01.011
https://doi.org/10.1158/1078-0432.CCR-10-2412
https://doi.org/10.1158/1078-0432.CCR-10-2412
https://doi.org/10.18632/oncotarget.4955
https://doi.org/10.18632/oncotarget.4955
https://doi.org/10.1158/1078-0432.CCR-12-3039
https://doi.org/10.1016/j.ajog.2009.07.029
https://doi.org/10.1073/pnas.0506580102

